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Abstract
Zinc (Zn) deficiency is widespread among citrus plants, but information about the mechanisms for Zn deficiency response 
in these plants is scarce.  In the present study, different navel orange (Citrus sinensis (L.) Osbeck) leaves with various 
yellowing levels were sampled in our experimental orchard, and upon estimation of nutrient contents, Zn deficiencies were 
diagnosed as mild, moderate, and severe.  Further analysis of chlorophyll content, photosynthetic characteristics, antioxidant 
enzyme activities, and expression levels of Zn/Iron-regulated transporter-like protein (ZIP) family genes were conducted 
in the sampled Zn-deficient leaves.  The results showed that chlorophyll contents and net photosynthetic rate (Pn) seemed 
to decrease with reduced Zn contents.  In addition, comparison of severe Zn-deficient and normal leaves revealed that 
activities of peroxidase (POD) and catalase (CAT) increased significantly, whereas that of Zn-containing enzymes such as 
Cu/Zn superoxide dismutase (Cu/Zn-SOD) significantly reduced with decreasing Zn contents.  As expected, expression of 
the ZIP family genes, ZIP1, ZIP3, and ZIP4, was induced by Zn deficiencies.  These results deepen our understanding of 
Zn deficiency in citrus plants as well as provide useful preliminary information for further research.
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RNA polymerase, superoxide dismutase (SOD), alcohol 
dehydrogenase, carbonic anhydrase, or the Zn finger fam-
ily of transcription factors.  Zn is involved in many cellular 
processes, including photosynthesis, nucleic acid and lipid 
metabolism, protein synthesis, detoxification of reactive oxy-
gen species (ROS), and membrane stability (Broadley et al. 
2007; Wang and Jin 2007; Tavallali et al. 2009; Nguyen-Der-
oche et al. 2012; Sinclair and Kramer 2012).  Zn deficiency, 
however, has been recognized as one of the most important 
environment stresses limiting crop production which affects 
30% of soils around the world, including India, China, Brazil, 
Australia and American (Hacisalihoglu and Kochian 2003; 
Assunção et al. 2014).  In citrus production, Zn deficiency 
also occurs frequently, and is recognized, only after nitrogen, 
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1. Introduction
Zinc (Zn) is an essential micronutrient for plant growth and 
development; it is a cofactor of over 300 enzymes, such as 
© 2016, CAAS. Published by Elsevier Ltd. This is an open 
access art ic le under the CC BY-NC-ND l icense (http:/ /
creativecommons.org/licenses/by-nc-nd/4.0/).
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as the most widely nutrient disorder (Srivastava and Singh 
2005).  Damages caused by Zn deficiency in citrus include 
chlorosis of leaves, impairment of tree vigor, and reduction 
of fruit set, yield, size, and quality, even at early stages (Ha-
cisalihoglu and Kochian 2003; Srivastava and Singh 2004; 
Srivastava and Singh 2005; Srivastava and Singh 2009a, b).
The most common reported physiological changes of 
plants under Zn deficiency are the inhibition of chlorophyll 
synthesis and photosynthesis (Hu and Sparks 1991; 
Cakmak 2000; Chen et al. 2008).  For example, Zn could 
take part in the cytoplasmic regulation of other nutrient 
contents like magnesium (Mg) and iron (Fe), which are 
directly related to chlorophyll formation (Kosesakal and 
Ünal 2009).  Sharma et al. (1995) reported that reduction 
in photosynthesis induced by Zn deficiency was associated 
with a decrease in the intercellular CO2 concentration and 
stomatal conductance in cauliflower.  Moreover, the activities 
of photosynthetic enzymes, such as carbonic anhydrase, 
fructose-1,6-bisphosphase and ribulose 1,5-bisphosphate 
carboxylase/oxygenase (Rubisco), were decreased under 
low Zn concentration (Sasaki et al. 1998).  Apart from 
these physiological responses, Zn plays a key role for 
the cell membrane systems.  For example, Candana and 
Tarhan (2003) reported that higher levels of lipid peroxida-
tion happened under Zn deficiency.  Cakmak (2000) also 
found that Zn deficiency created damage in the membrane 
system through attacks by reactive oxygen species (ROS). 
ROS, such as superoxide radical (O2
–.) and hydroxyl radical 
(OH.), are the major determinants of the cell damage un-
der various stress conditions (Cakmak 2000; Cakmak and 
Hoffland 2012).  To scavenge excess of ROS, plants have 
developed an effective antioxidant enzyme system, which 
includes superoxide dismutase (SOD), peroxidases (POD) 
and catalase (CAT).  SOD, as a Zn-depended enzyme, 
was significantly depressed due to deprival of Zn under Zn 
deficiency, leading to a higher accumulation of ROS and 
damage of membranes (Cakmak et al. 1997; Cakmak 2000). 
Results are less conclusive for POD and CAT since they 
both seemed to either increase or decrease their activities 
under Zn-deficient stress (Cakmak 2000; Candan and Tar-
han 2003; Kosesakal and Ünal 2009).
Zinc/iron-regulated transporter-like proteins (ZIPs) are 
thought to play a major role for Zn uptake in plants (Hacisa-
lihoglu and Kochian 2003; Assunção et al. 2014).  Presently, 
over 100 ZIP family members have been identified in differ-
ent plant species (Guerinot 2000; Li et al. 2013; Milner et al. 
2013).  In Arabidopsis, approximately half of the ZIP genes 
were induced under Zn deficiency, while ZIP1-4 genes seem 
to be involved in plant Zn transport (Guerinot 2000; Milner 
et al. 2013).  OsZIP1, OsZIP3, OsZIP4, OsZIP5, and OsZIP8 
isolated from rice (Bashir et al. 2012), ZmIRT1 identified 
from maize (Li et al. 2013), and HvZIP3 and HvZIP5 iso-
lated from barley (Pedas et al. 2009) are also up-regulated 
by Zn deficiency.  
The findings on these physiological and molecular 
processes have greatly increased our understanding of 
Zn deficiency in plants.  However, most of the evidence 
from these studies is based on annual plants; the current 
knowledge for perennial plants is limited, especially for citrus 
plants.  It is still unclear whether responses in perennial and 
annual plants are comparable.  To answer this question, the 
present study evaluates the effects of Zn deficiency in citrus 
for different physiological and molecular mechanisms, such 
as chlorophyll variation, photosynthesis capacity, antioxidant 
enzyme activity, and ZIP genes expression.  
2. Results
2.1. Nutrient contents of different yellowing leaves 
In order to diagnose nutrition levels of different yellowing 
leaves and further identify the potential causes of yellowing, 
macronutrient and micronutrient contents were measured 
in normal, mild, moderate, and severe yellowing leaves 
(Fig. 1-A).  According to the leaf nutrition diagnosis stan-
dard of navel orange, K, S, Fe, Cu, and B contents in all 
normal, mild, moderate, and severe yellowing leaves were 
within the optimum range, whereas N and P were above, 
and Ca, Mg, Mn, and Zn were below that range (Tables 1 
and 2).  Although N, P, Ca, Mg, and Mn contents were not 
within the optimum range, no significant differences (P<0.05) 
were found among the leaves with different yellowing levels, 
except N and Ca contents for normal and severe yellowing 
leaves.  Interestingly, Zn contents showed significant differ-
ences among normal, mild, moderate and severe yellow-
ing leaves, thus showing a good correlation between this 
micronutrient and yellowing levels.  These results suggest 
that Zn deficiency was the main cause of leaf yellowing. 
Because of the direct correlation between yellowing levels, 
i.e.,  normal, mild, moderate, and severe, and Zn-deficient 
levels, the samples of these studies represent a good 
source of material for further studies on the physiological 
and molecular responses of citrus plants to Zn deficiency. 
Hereafter, and based on the established relationship, the 
different yellowing levels of citrus leaves were referred as 
normal, mild, moderate, and severe Zn-deficient leaves.  
2.2. Effects of Zn deficiency on chlorophyll contents 
and photosynthesis characteristics of citrus leaves
As shown in Fig. 1-B, the normal leaves had the highest 
contents of chlorophyll a (Chl a), chlorophyll b (Chl b), and 
total chlorophyll (Total Chl), while the lowest levels in se-
vere Zn-deficient leaves, thus chlorophyll content tends to 
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gradually decrease as Zn levels decline in the leaves.  This 
positive correlation may indicate that chlorophyll synthesis 
is inhibited under Zn deficiency.  
Photosynthetic capacity analysis showed that as Zn 
deficiency increased, the net photosynthetic rate (Pn) 
significantly decreased, while stomatal conductance (Gs), 
substomatal CO2 concentration (Ci), and transpiration rate 
(E) also declined to some degree, with the exception of an in-
crease of Ci for severe Zn-deficient leaves (Fig. 2).  We also 
found that Ci was not constant, and Gs and E, Pn and total 
chlorophyll showed a linear correlation with R2=0.9454 and 
R2=0.9821, respectively.  However, nonlinear regression was 
observed between Pn and Gs.  These results indicate that 
Pn is significantly influenced by the Zn levels of the leaves. 
2.3. Effects of Zn deficiency on antioxidant capacity 
of citrus leaves
As shown in Fig. 3, compared with normal leaves, the con-
tent of total soluble protein significantly increased in mild 
Zn-deficient leaves, while it decreased in both moderate 
and severe Zn-deficient leaves.  There was no significant 
difference in Cu/Zn-SOD activities among normal, mild and 
moderate Zn-deficient leaves, but a sharp reduction was 
observed in severe Zn-deficient leaves.  Total SOD activi-
ties significantly decreased in mild Zn-deficient leaves but 
increased in severe Zn-deficient leaves.  For POD and CAT 
activities, although no significant difference was observed 
among normal, mild and moderate samples, a gradual trend 
to increase was found with increasing Zn-deficient levels, 
especially in severe Zn-deficient leaves.
2.4. Effects of zinc deficiency on expression levels 
of ZIP genes in citrus leaves
To analyze the expression characteristics of Zn-transport 
related genes under Zn deficiency, transcript levels of four 
ZIP genes were determined by qRT-PCR (Fig. 4).  Results 
showed that compared with normal leaves, ZIP1 gene was 
1.8 times of down-regulation in mild Zn-deficient leaves, 
Fig. 1  A, photos show normal (no yellowing), mild (less than 1/4 yellowing), moderate (1/4–1/2 yellowing), and severe (more 
than 1/2 yellowing) yellowing samples collected from Zn-deficient of Fengwan navel orange (Citrus sinensis (L.) Osbeck).  B, 
the chlorophyll a (Chl a), chlorophyll b (Chl b), and total chlorophyll (Total Chl) contents in these samples.  The data are mean 
values±SE, statistical differences set by an LSD (P<0.05): values followed by the same lowercase letters are not significantly 
different.  The same as below.
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but was significantly up-regulated in both moderate and severe Zn-deficient leaves. No 
significant changes were observed for ZIP2 expression in all tested samples.  Interestingly, 
expression of ZIP3 and ZIP4 exhibited an expected trend to increase with more profound 
Zn deficiencies.  These results indicate that expression of ZIP1, ZIP3, and ZIP4 genes 
were significantly affected by Zn deficiency.
3. Discussion
Yellowing of citrus leaves was easily caused by nutrient disorders, such as deficiency or 
excess of Zn, Fe, Mg, Cu or B (Zhuang 1994; Balakrishnan et al. 2000; Jiang et al. 2009). 
Although different nutrient disorders resulted in different yellowing phenotypes, it is still dif-
ficult to diagnose element deficiencies based exclusively on phenotypes since general leaf 
yellowing might not be caused by the limitation of just a single element in citrus production. 
Currently, leaf nutrient analysis is the most precise diagnostic method.  In this study, com-
parisons between observed leaf nutrient contents and leaf-nutrition diagnosis standards 
for navel orange showed that yellowing of Fengwan navel orange leaves was caused by 
Zn deficiency; we also found that even in the same tree for this orange variety there were 
various levels of Zn-deficient leaves.  This is possible because different shoots had different 
nutrient allocation and fruit-load-resulted consumption.  Moreover, Zn deficiency tends to 
occur predominantly on the sun-exposed sides of trees (Chapman 1968).  The different 
levels of Zn-deficient leaves in the field provided us with good experimental materials for 
deeper studies on the physiological and molecular responses of citrus plants to Zn deficiency.
Chloroplast and chlorophyll play a pivotal role in the photosynthesis.  In this study, leaf 
chlorophyll content significantly decreased with the declining of Zn content; this observation 
is consistent with other reports for pecan and rice with Zn deficiencies (Hu and Sparks 
1991; Chen et al. 2008).  As previously reported, Zn deficiency resulted in deformation of 
chloroplast structure, including the expansion of the matrix zone and the loss of lamellae 
structure (Chen et al. 2008).  These may be the underlying reasons explaining why Zn 
deficiency inhibited chlorophyll synthesis.  As the main cell organelle for photosynthesis, 
deformation of chloroplast and reduction of chlorophyll content can be also responsible 
of lower Pn under Zn deficiency (Hu and Sparks 1991; Zhuang 1994).  In addition, results 
of previous studies showed that the activity of carbonic anhydrase, reported as playing 
a key role in maintaining high photosynthesis rate by mediating in the movement of CO2 
between stomata and CO2 fixation sites, decreased under Zn deficiency (Sasaki et al. Ta
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Table 2  Leaf nutrition diagnosis and classification standard for Gannan navel orange (Citrus 
sinensis (L.) Osbeck)1)
Element Deficient Low Optimum High Excess
N (%) <2.50 2.50–2.70 2.70–3.00 3.00–3.20 >3.20
P (%) <0.10 0.10–0.12 0.12–0.16 0.16–0.30 >0.30
K (%) <0.70 0.70–1.20 1.20–1.70 1.70–2.00 >2.00
S (%) <0.14 0.14–0.20 0.20–0.40 0.40–0.50 >0.50
Ca (%) <1.60 1.60–3.00 3.00–5.50 5.50–7.00 >7.00
Mg (%) <0.20 0.20–0.25 0.25–0.50 0.50–0.70 >0.70
Fe (mg kg–1) <35 35–60 60–120 120–200 >200
Mn (mg kg–1) <16 16–25 25–100 100–300 >300
Zn (mg kg–1) <16 16–20 20–100 100–200 >200
Cu (mg kg–1) <3 3–5 5–15 15–20 >20
B (mg kg–1) <20 20–35 35–100 100–200 >200
1) This standard (DB36/T 625-2011. 2011), enacted by Quality and Technical Supervision Bureau 
of Jiangxi Province of China, divides leaf nutrition of navel orange into five classes (deficient, low, 
optimum, high and excess) based on the contents of mineral elements.
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Fig. 2  Photosynthesis characteristics including net photosynthetic rate (Pn), stomatal conductance (Gs), substomatal CO2 
concentration (Ci), and transpiration rate (E) in normal (no yellowing), mild (less than 1/4 yellowing), moderate (1/4–1/2 yellowing), 
and severe (more than 1/2 yellowing) Zn-deficient leaves of Fengwan navel orange (Citrus sinensis (L.) Osbeck). 
Fig. 3  Content of total soluble protein, and activities of Cu/Zn-SOD, total SOD, POD and CAT in normal (no yellowing), mild (less 
than 1/4 yellowing), moderate (1/4–1/2 yellowing), and severe (more than 1/2 yellowing) Zn-deficient leaves of Fengwan navel 
orange (Citrus sinensis (L.) Osbeck). 
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1998; Hacisalihoglu and Kochian 2003).  These two bodies 
of evidence support our result; that is, Zn deficiency had an 
adverse effect on Pn, as shown in Fig. 2.  
As a cofactor of over 300 enzymes and proteins, Zn 
directly determines the activity of Zn-requiring enzymes 
(Hacisalihoglu et al. 2003; Hacisalihoglu and Kochian 2003). 
To measure relevant enzymes activities, contents of total 
soluble protein (TSP) were quantified in Zn-deficient leaves 
(Fig. 3).  We found that TSP content significantly decreased 
in moderate and severe Zn-deficient leaves.  As Rubisco 
is the most abundant soluble protein in plant leaves, it 
suggests that Rubisco protein significantly reduced under 
low Zn concentration, and the similar result had also been 
reported in previous studies (Sasaki et al. 1998; Broadley 
et al. 2007).  Additionally, it seems to have explained the 
lower Pn under Zn deficiency in this study (Fig. 2).  Similar to 
previous reports, Zn-containing SOD (Cu/Zn-SOD) activities 
were highly reduced under severe Zn-deficient conditions 
(Cakmak et al. 1997; Cakmak 2000; Hacisalihoglu et al. 
2003).  However, total SOD, POD, and CAT activities grad-
ually increased under Zn deficiency.  It is widely accepted 
that Zn deficiency leads to the accumulation of ROS, thus 
causing oxidative damage to plant cells (Cakmak 2000). 
Antioxidant enzymes such as SOD, POD, and CAT play a 
key role in the degradation of ROS (Gill and Tuteja 2010). 
An increase of activities of SOD, POD and CAT suggests 
the antioxidant machinery is activated for the reduction of 
oxidative damage under citrus Zn deficiency.
Not only physiological changes but also molecular re-
sponses of citrus plants under Zn deficiency need to be 
understood.  ZIP family genes play an important role in 
the transport of Zn from the soil into the plant, or between 
plant tissues (Guerinot 2000; Weber et al. 2004; Ishimaru 
et al. 2005).  In this study, we found that the expression 
of ZIP1, ZIP3, and ZIP4 in citrus leaves was significantly 
induced by Zn deficiency, which was not the case for ZIP2. 
This fact agrees well with the results for OsZIP1, OsZIP3, 
and OsZIP4 genes in rice (Ishimaru et al. 2005; Chen et al. 
2008), and ZIP1, ZIP2, ZIP3, and ZIP4 genes in Arabidopsis 
(Yang et al. 2010; Ishimaru et al. 2011).  Therefore, the ZIP1, 
ZIP3, and ZIP4 genes tested here may play a key role in Zn 
transport under citrus Zn deficiency, so that this family of 
genes is important targets for further studies tackling their 
more specific functions.  
4. Conclusion
In this study, physiological indicators including chlorophyll 
synthesis, photosynthetic characteristics and antioxidant en-
zyme activities were negatively influenced by Zn deficiency 
in citrus leaves.  Additionally, expression of ZIP1, ZIP3, and 
ZIP4 was also significantly promoted by Zn deficiency; there-
fore, these may be used as candidate genes for advanced 
studies shedding more light into their specific function in 
Zn-deficient citrus leaves.  It seems that the expression of 
these genes can be targeted as a new method to correct 
Zn deficiency for citrus production.
5. Materials and methods
5.1. Plant materials and treatments
Eight-year-old Fengwan navel orange (Citrus sinensis (L.) 
Osbeck) trees grafted on Carrizo citrange (Citrus sinensis 
(L.) Osbeck×Poncirus trifoliata (L.) Raf.) rootstocks were 
chosen as experimental materials in this study.  These 
trees were grown in the same orchard and showed typical 
Zn-deficient mottled yellowing symptom in two consecu-
tive years, 2011 and 2012.  Nevertheless, the yellowing 
levels varied across different shoots of leaves, even within 
the same tree.  In July 2013, severe pruning was done 
on these trees to promote the sprouting of new uniform 
autumn shoots.  Two months later, mature autumn shoots 
showing different yellowing levels were selected and, 
based on the ratio of yellowing area to whole leaf area, 
they were labeled as normal (no yellowing), mild (less than 
1/4 yellowing), moderate (1/4–1/2 yellowing) and severe 
(more than 1/2 yellowing) Zn-deficient samples as shown 
in Fig. 1-A.  Three repeats were performed on three trees, 
and on each tree, 40 normal, mild, moderate, and severe 
Zn-deficient leaves were sampled, respectively.  Sampled 
leaves were divided into two groups: One group was 
washed and dried immediately for element measurement, 
while the other group was immediately immersed in liquid 
nitrogen and stored at −80°C for further physiological and 
Fig. 4  Relative expression levels of ZIP1, ZIP2, ZIP3, and 
ZIP4 genes.  Quantitative real-time PCR analysis of ZIP1, ZIP2, 
ZIP3, and ZIP4 expression in normal (no yellowing), mild (less 
than 1/4 yellowing), moderate (1/4–1/2 yellowing), and severe 
(more than 1/2 yellowing) Zn-deficient leaves of Fengwan navel 
orange (Citrus sinensis (L.) Osbeck).  The data are average 
transcript levels±SE of four technical replicates.
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molecular analyses.
5.2. Analysis of mineral contents in citrus leaves
The sampled leaves were washed with 0.2% HCl and rinsed 
with distilled water, and then dried at 105°C for 30 min and 
75°C for 48 h.  After powdered, about 1.0 g of sample was di-
gested in 10 mL of a 5:1 (v/v) mixed solution of concentrated 
HNO3 and HClO4 at 165°C for 4 h, 185°C for 2 h, and 206°C 
for 2.5 h.  The concentrations of Zn, iron (Fe), manganese 
(Mn), copper (Cu), magnesium (Mg), calcium (Ca), and 
potassium (K) were determined by flame atomic absorption 
spectrometry (Perkin-Elmer AA800, USA).  Phosphorus 
(P), sulfur (S), and boron (B) were analyzed by a TU-1901 
ultraviolet spectrophotometer (Purkinje General Instrument 
Ltd Company, China).  Nitrogen (N) was measured using 
the Kjeldahl method with a Kjeldahl analyzer (KDY-9820, 
KETUO, China).
In order to diagnose nutrition status of navel orange 
leaves, as it can be seen in Table 2, leaf Zn content was 
divided into five classes (deficient, low, optimum, high and 
excess) according to the classification standard of sweet 
orange leaf in Florida (Obreza and Morgan 2008) and 
previous studies in China (Zhou et al. 1991; Wang et al. 
1992; Zhuang et al. 1997).  This grading standard has 
been put on record and released as leaf nutrition diagno-
sis standard for Gannan navel orange in China (DB36/T 
625-2011) by Quality and Technical Supervision Bureau 
of Jiangxi Province of China.  
5.3. Measurement of chlorophyll content and photo-
synthetic characteristics of citrus leaves
Chlorophyll content was determined with spectrophotometry 
following a modified method described by Wellberum and 
Lichtenthoaler (1984).  Fresh citrus leaves were collected, 
weighed (about 0.2 g), and soaked in 96% ethyl alcohol 
in the dark for 24–36 h to full discoloration.  The resulting 
extract liquid was analyzed at wavelength of 665, 649 and 
470 nm using a spectrophotometer (TU-9101, China).  Chlo-
rophyll a (Chl a), chlorophyll b (Chl b, and total chlorophyll 
(Total Chl) were calculated using the following equations: 
Chl a (mg kg–1)=[(13.95OD665nm–6.88OD649nm)V/m]×10
–3, 
Chl b (mg kg–1)= [(24.96OD649nm–7.32OD665nm)V/m]×10
–3, 
Total Chl (mg kg–1)=Chl a+Chl b. Where, V is extract liquid 
volume (mL); m is leaf weight (g).
Photosynthetic characteristics, including net photosyn-
thetic rate (Pn), stomatal conductance (Gs), substomatal CO2 
concentration (Ci), and transpiration rate (E), were measured 
on the fourth leaf, which is close to the top of the shoots, as 
described by Zhang et al. (2013).  Six leaves were analyzed 
for each treatment.
5.4. Analysis of antioxidant enzyme activity of citrus 
leaves
The activity levels of superoxide dismutase (SOD), per-
oxidase (POD) and catalase (CAT) were quantified in the 
sampled leaves using commercial detection kits by following 
manufacturer’s instructions (Nanjing Jiancheng Bioengi-
neering Institute, China).
5.5. Expression analysis of ZIP genes via quantitative 
real-time polymerase chain reaction (qRT-PCR)
In order to analyze expression levels of ZIP family genes 
(ZIP1, ZIP2, ZIP3, and ZIP4), total RNA was isolated from 4 
categories of leave samples (normal-, mild-, moderate- and 
severe-yellowing leaves) using the TRIZOL reagent (Invitro-
gen, Carlsbad, CA, U.S.), respectively.  One milligram of the 
total RNA was used for cDNA synthesis with the ReverTra 
Ace-α-TM Kit (Toyobo, Japan), following manufacturer’s in-
structions.  The sequences of ZIP1, ZIP2, ZIP3, and ZIP4 
in citrus were obtained by blasting the sweet orange (Citrus 
sinensis) genome (Xu et al. 2013), using relevant Arabidop-
sis genes as query sequence.  These genes information 
including gene ID, CDS length, and chromosome location 
were shown in Table 3.  The specific primers of these genes 
were designed using the online primer-blast program found 
at the NCBI website; Actin was used as a reference gene 
to normalize the relative expression levels of the ZIP genes 
(Table 3).  qRT-PCR was performed using the SYBR Green 
dye method described previously by Fu et al. (2014).  Each 
sample was amplified in quadruplicate, and with two repeats.
5.6. Statistical analysis
Data were analyzed using the SPSS software (version 20.0, 
SPSS Inc.; Chicago, IL, USA); mean values±standard error 
(SE) were obtained from three repeats and statistical differ-
ences were compared based on Fisher’s least significant 
difference (LSD) test at a significance level of P<0.05.
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